A review of the environmental
implications of B2C e-commerce:
a logistics perspective

Riccardo Mangiaracina, Gino Marchet, Sara Perotti and

Angela Tumino
Department of Management, Economics and Industrial Engineering,
Politecnico di Milano, Milano, Italy

Introduction and scope of the study

In spite of the bursting of the Dotcom bubble in 2000, over the last ten years
business-to-consumer (B2C) e-commerce has grown in all of the main western markets.
Although its penetration rate — online sales as a percentage of overall retail sales — is
still below 15 percent in almost all of the leading countries (Mulpuru, 2013), its absolute
value and average growth per year are increasing rapidly. The main contributors to
this success include the wide range of products (Park et al, 2012), very competitive
prices (Bruce and Daly, 2010), the design of a high-quality customer experience
(Brugnoli et al., 2009), the choice of the best logistics strategy (Ghezzi et al, 2012), and
the premium service level (primarily in the management of returns) offered by online
retailers (Wei and Zhou, 2011). In addition to these elements, which are mainly related
to the retailer strategy, there are various systemic factors that are understood to drive
the diffusion of e-commerce (Mangiaracina ef al, 2012). Examples of these include
broadband availability, the definition of a legal framework for consumer protection, the
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design of a “secure” value proposition (Rodiguez-Ardura et al., 2008), trust in online
systems (Mouratidis and Cofta, 2010), and the adoption of different payment systems
(Mangiaracina and Perego, 2009).

In recent years, mainly due to increased environmental concerns (e.g. Golicic et al,
2010; Mollenkopf et al., 2010) and increased competitive pressure, sustainability issues
have been attracting more attention from researchers and practitioners in the field of
e-commerce. Different definitions of “sustainability” may be found, as highlighted by
Carter and Rogers (2008). However, the most well known and most often quoted
definition of sustainability is that of the Brundtland Commission (World Commission
on Environment and Development, 1987, p. 8): “development that meets the needs of
the present without compromising the ability of future generations to meet their needs.”
According to the Triple Bottom Line approach, sustainability has to take into account
three components: natural environment, society, and economic performance. Considering
people and the planet in addition to profit leads to a more sustainable outcome (Elkington,
1994; Colicchia ef al,, 2013; Marchet et al, 2014), and firm performance can be improved by
balancing profits with social and environmental goals (Hart and Milstein, 2003; Porter and
Kramer, 2006; Shao and Liu, 2012). Moreover, pressure from stakeholders may influence
company awareness, the adoption of sustainability goals, and the implementation of a
sustainable supply chain practice (Meixell and Luoma, 2015). Overall, sustainability
is considered to be a key factor that can help firms improve both operations and
strategic growth while at the same time gaining a sustained competitive advantage,
and delivering sustainable values to the broader society (Hart and Milstein, 2003;
Porter and Kramer, 2006).

Focussing on online retailing, wide-ranging environmental effects may derive from a
number of factors, such as an increase information technology usage, the redesign or
use of additional packaging (Williams and Tagami, 2003), and the physical distribution of
items. Among these factors, logistics activities such as transportation and warehousing
certainly represent a key component of the environmental sustainability of the entire
supply chain (McKinnon et al., 2012).

So far, the literature has widely attested the importance of sustainability issues for B2C
e-commerce processes, and some attempts have been made to classify the research on this
theme. Specifically, other literature reviews on the subject of B2C e-commerce have
previously been conducted. For example, Ngai and Wat (2002) provided a review and a
classification scheme for B2C e-commerce research. However, their analysis did not focus
specifically on B2C e-commerce, but also took into account business-to-business (B2B)
e-commerce, and the restricted timeframe covered (i.e. papers published between 1993 and
1999 in nine journals) means that the study is now out of date, and an analysis of more
recent contributions is needed. Moreover, the sustainability perspective was not considered
in their analysis. Another example is provided by Abukhader and Jonson (2003), who
conducted a critical review of the extant literature on the environmental implications of
both B2B and B2C e-commerce. The papers examined were published between 1991 and
2002, and journals on logistics/supply chain management, environmental science, and the
field of e-commerce/e-business were taken into account. Interesting results were presented
(e.g. the analysis of e-commerce effects in terms of transportation emissions and impacts on
other processes, such as packaging and warehousing; the focus on different industries).
Still, some drawbacks to that review were identified: first, the body of work examined is no
longer current, and new key contributions have since been published; second, a structured
discussion was not presented; third, some key themes, such as the issue of measuring the
environmental impact of e-commerce or “green” initiatives, were not examined in detail or



were absent. Two other more recent reviews were found, namely those by Yiand Thomas
(2007) and Velasquez et al. (2009). The work by Yi and Thomas (2007) considered various
sources of nformation, including journal articles, peer-reviewed theses, project reports,
conference and symposia proceedings, and web sites. The discussion centered on the type
of source and the methodology adopted, but there was no detailed investigation of the key
theme(s) of e-commerce sustainability. Velasquez et al (2009), expanding upon the review
by Abukhader and Joénson (2003), specifically focussed on e-commerce carbon footprinting,
and investigated multiple industries. Nonetheless, as in Abukhader and Jonson (2003),
some interesting perspectives were not investigated in detail, and several recent
contributions were omitted. Overall, looking at previous contributions and reviews on B2C
e-commerce, logistics operations have not yet been adequately assessed, despite their
impact on the environmental sustainability of the entire supply chain, as commonly
recognized in the literature (e.g. McKinnon, 2010; Venus, 2011). Moreover, due to the still
limited diffusion of B2C e-commerce, logistics processes and solutions in the online
scenario are still evolving and improving, and the measure of their environmental
sustainability is a key performance indicator for their future development.

Coherently with the above premises, the present paper aims to overcome the limitations
of the previous reviews and to categorize/discuss the literature in the arena of B2C
e-commerce environmental sustainability from an up-to-date perspective, thus including
recent contributions on this topic. The purpose is to focus on a specific aspect of
sustainability, ie. the environment, and to provide a review of the contributions on the
topic of environmental implications of B2C e-commerce from a logistics perspective (i.e. in
terms of logistics processes). The choice of focussing on such a specific — as well as
promising — theme is motivated by the progressive diffusion of B2C e-commerce (Mulpuru,
2013), growing environmental concerns (Aronsson and Brodin, 2006), and the uncertain
impact of B2C e-commerce logistics operations on the environmental sustainability of the
business in the various industries (Edwards et al, 2010). Specifically, the objective of this
contribution is twofold: first, to classify the research on this topic as a guide for both
practitioners and academics and, second, to identify gaps in the research in order to
propose directions for future studies. The paper will provide both the scientific community
and practitioners with a clear and holistic view of the environmental implications of B2C
e-commerce, specifically related to logistics and transportation activities.

The remainder of the paper is organized as follows. The next section describes the
methodology used in this study. The results of the review are then presented and
discussed. To conclude, the limitations of the research are identified, and research gaps
and potential directions for future research in this field are highlighted.

Methodology

Figure 1 presents the three-step methodology used in the present review. Phase 1
consisted of paper collection and selection, while Phase 2 involved a thorough analysis of
the selected literature. Finally, research gaps and potential areas for further investigation
were identified (Phase 3).

Phase 1: paper selection
In line with Srivastava (2007) the paper selection process included the following stages:

+ C(Classification context: the classification context used to categorize the material
was first identified (i.e. environmental implications of B2C e-commerce from a
logistics perspective).



Figure 1.
Methodology

’ Phase 1-Paper Selection ‘

Classification Definition of Collecting Delimiting the Material
Context Unit of Analysis Publications Field Evaluation

) 4

‘ Phase 2-Paper Review ‘

Paper Characteristics Research Method(s) Adopted Paper Content

) 4

Phase 3-Identification of Areas for Further Research

* Definition of the unit of analysis: the unit of analysis was defined as a single
scientific paper published in an international peer-reviewed journal.

+ Collecting publications: similarly to Perego ef al (2011), the starting point for the
identification of relevant papers was a number of library databases (ie. Scopus,
Science Direct, ISI Web of Knowledge, and Google Scholar). The search was
conducted using a number of keywords (i.e. “B2C,” “e-commerce,” “e-tailing,” “online
sales,” “logistics,” “sustainability,” “green,” “carbon footprint,” “environmental
implications,” “environmental impact”) and their combinations, used in both the
abstract and the main body of the papers. To avoid the omission of other potentially
mportant papers, as suggested by other authors (e.g. Marchet ef al, 2014), the
majority of the cited contributions were also cross-referenced and, if necessary,
included in the analysis. By applying this method, it was possible to assure adequate
coverage of the extant body of research in this field.

*  Delimiting the field: during the examination of the papers that were progressively
found, some were recognized to be more significant than others for the purposes of
the present study. As such, a sub-set of papers that deal with the environmental
aspects of B2C e-commerce was finally selected, and 56 papers published from
2001 to 2014 were considered for in-depth investigation. The authors believe that
the number of publications reviewed in this study is adequate given the scope of
the analysis (i.e. focus on a restricted — although promising — subject), and this is
consistent with previous contributions addressing specific research themes (e.g.
Marchet et al, 2014; Meixell and Norbis, 2008).

« Material evaluation: the literature was then analyzed and categorized. During
this stage, a two-dimensional approach was taken to provide for a clear
classification of the contributions examined and direct the discussion about the
outcome of the review.

Phase 2: review method

Different methods used in previous literature-review papers (e.g. Carter ef al, 2007;
Ghadge et al., 2012; Meixell and Norbis, 2008; Natarajarathinam et al, 2009; Perego et al,
2011; Pettit and Beresford, 2009) were examined first. For the purposes of this review, the



selected contributions were classified based on: their main characteristics (ie. year of
publication, journal title, regions addressed), the research method(s) adopted, and their
content. All of the papers were first summarized and then categorized in accordance with
the review criteria, which was also helpful in identifying patterns that suggest interesting
themes or possible gaps (Meixell and Norbis, 2008; Perego et al, 2011).

Summary of review and discussion

Table I, based on Natarajarathinam et a/. (2009), summarizes the key attributes of each
paper, and the research method(s) adopted. Aligned with Perego et al (2011), the papers
are listed in chronological order to show the evolution of environmental sustainability
issues related to B2C e-commerce over time.

Moain characteristics of the papers examined

The 56 papers examined were published in 38 different scientific journals, with a mean
value of 1.5 contributions per journal. The papers were published in different types of
journals, 1.e. environmental journals (43 percent), logistics and transportation journals
(32 percent), information and communication technologies (ICT) or e-commerce
journals (9 percent), or others (16 percent).

Focussing on the year of publication, the majority of the papers are relatively recent:
more than 50 percent were published from 2007 on. A rising trend from 2001 to 2003
was observed, followed by a discontinuous curve. A further increase in the number of
papers occurred from 2009 on, thus attesting to an increase in the amount of attention
being paid by the research community to these issues. The reasons underlying this
pattern may be explained as follows. On the one hand, this appears to be directly
related to the growing interest that both companies and the stock market have shown
toward B2C e-commerce: such interest grew until the bubble burst in 2000, it was then
steady for a few years, and later rose again. The time required to conduct a research
study, and for a paper to be written, reviewed, and accepted seems to explain the time
lag between the bubble burst and the peak of contributions observed in 2002 and 2003,
and growth observed after 2009. On the other hand, mounting environmental awareness
in recent years has progressively led to an increase in the number of papers published
about sustainability issues, as attested by Srivastava (2007).

Finally, looking at the regions addressed, it should be noted that the number of
contributions in which the first author is from the USA is 15 (corresponding to 26.8
percent), followed by UK (seven, ie. 12.5 percent). Other publications were written by
researchers from China (four), Sweden (four), Germany (four), Finland (four), Japan
(four), Finland (three), and the Netherlands (three). These results appear to be consistent
with the spread of B2C e-commerce in the USA, UK, Germany, and Japan (i.e. the main
markets) and also appear to reflect the increasing adoption of online shopping in China
(i.e. the most promising emerging market).

Research method(s) used
Papers were classified and evaluated based on their research methodology. The categories
used were based on a study by Meixell and Norbis (2008), who identified seven research
methods, ie. analytical/mathematical models, conceptual models or frameworks, case
studies, interviews, surveys, simulation, and others.

As shown in Table I, many of the papers reviewed present conceptual models and
frameworks (14) or are based on case studies (11) or simulation (11). In terms of the
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other methodologies, a number of papers were found that are based on surveys (nine),
and analytical models (eight). Four literature reviews were also examined, with
Velasquez et al (2009) being the most recent. No specific relationship was found
between the type of research questions or themes addressed and the type of research
method adopted within the papers. Nonetheless, some prevailing themes were
identified for each of the research methods examined. For example, the empirical
papers (i.e. based on either case studies or surveys) generally addressed the topic of the
environmental implications of B2C e-commerce (e.g. Reijnders and Hoogeveen, 2001;
Matthews and Hendrickson, 2003; Rotem-Mindali, 2010) or quantified the impacts in
very specific contexts (e.g. Siikkavirta ef al, 2003; Kim et al,, 2009; Tehrani et al.,, 2009).
The general environmental implications of B2C e-commerce were also analyzed
qualitatively by means of conceptual papers (e.g. Fitcher, 2002; Sui and Rejeski, 2002;
Mokhtarian, 2004; Peng et al., 2005; Abukhader and Jénson, 2008), sometimes comparing
conventional (i.e. in-store) and online shopping based on delivery execution, transportation
impacts, and environmental externalities (e.g. Edwards ef al, 2011). Finally, quantitative
models (i.e. analytical and simulation based) started to appear after 2001 for evaluating
the environmental impacts of e-commerce (e.g. Matthews et al, 2001; Taniguchi and
Kakimoto, 2003). Their primary purpose is to support distribution network redesign after
the implementation of the B2C e-commerce channel, or sometimes simply to measure
the environmental effects of e-commerce processes. These models explore “green”
implications (e.g. Durand and Gonzalez-Feliu, 2012; Zhang and Zhang, 2013), in some
cases through a comparison between online and conventional channels, primarily in terms
of CO, emissions (e.g. Edwards et al, 2010; Weber et al, 2010). Besides the evaluation of
CO, emissions, some other measures have also been considered in the papers examined,
e.g. NO,, CO, PMy, (e.g. Kim et al, 2009; Tehrani ef al, 2009), and, more recently, CO,
equivalent emissions (e.g. Van Loon ef al, 2014).

Themes arising from the review

The papers were also analyzed based on content (i.e. issues tackled). In order to provide
a clear classification of the articles examined and a focussed discussion of the outcome
of this review, a two-dimensional approach was used to provide a comprehensive
framework (Table II). The following two axes were considered when categorizing the
papers: first, identification of the areas in e-commerce logistics operations that affect
sustainability (both tactical/operational (e.g. transportation execution) and strategic
(e.g. planning) areas were considered); second, measurement of the environmental
effects of the areas identified, i.e. which performance indicators were evaluated.

Within this framework, an emphasis was placed on the contributions that compare
e-commerce with conventional shopping from an environmental perspective. Finally,
the papers that provide examples of “green” practices that e-commerce companies are
adopting in the above-mentioned areas were also examined.

(1) Areas that affect the environmental impact of B2C e-commerce. Based on the
papers examined (cf. Table II), the following main areas in e-commerce logistics
operations that contribute to generating effects associated with sustainability were
identified: transportation planning and management, warehousing, packaging, and
distribution network design.

Transportation planning and management is the area most often tackled in the
literature, if the number of papers that take transportation into account is considered as
a proxy, ie. 49 out of 56. Transportation decisions (i.e. in terms of both planning and
management) have a significant impact on the environmental performance of an entire
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distribution process. Overall, the relevant literature does not suggest a general
consensus regarding the environmental impact of transportation activities related to
B2C e-commerce. On the one hand, some negative effects have been detected (e.g. Park
and Regan, 2004; McLeod et al, 2006), such as an increase in the number of inefficient
deliveries (e.g. overnight deliveries by air and/or truck) and in shipping needs in
general (e.g. home delivery of chilled products). On the other hand, under specific
assumptions — e.g. high-population density, usage of low-carbon-emission vehicles — the
environmental impacts can be positive, e.g. in terms of CO; emissions reduction
(Hesse, 2002; Hossain, 2002; Siikavirta et al, 2003; Rotem-Mindali and Salomon, 2007).
However, some general observations may be made. First, the increasing growth of online
purchasing and home delivery has contributed to the recent growth in van traffic, vehicles
that consume more fuel and release more emissions per metric ton moved than larger
vehicles (Allen and Browne, 2010). Second, unattended (i.e. failed) deliveries (McLeod et al,
2006) and handling of consumer returns (Park and Regan, 2004) involve further travel and
related greenhouse gas (GHG) emissions, the significance of which may vary depending
on the industry sector. Third, consumers usually tend to purchase separate items from
different web sites, each requiring independent deliveries (unlike the offline channel,
where goods are bought on a single trip to the stores). The same occurs when purchasing
multiple items (from one retailer) that are stored at different warehouses, thus involving
separate deliveries. Finally, there are other critical environmental impacts associated with
online purchasing, such as minimal travel savings by shopping online when goods would
have been bought as part of a multi-activity trip if purchased via the offline channel
(Primerano ef al, 2008).

Looking at “warehousing” (i.e. storage, picking, and material handling), although it
is not normally considered a highly polluting process, it does affect energy usage (e.g.
air conditioning and heating systems, if required). Warehousing was considered in 25
percent of the papers examined. In B2C e-commerce a competing effect may be
observed. On the one hand, the tendency toward large warehouses leads to a reduction
in total average inventory levels, and therefore reduced emissions and environmental
impacts (Sui and Rejeski, 2002). On the other hand, both the large number of small
deliveries and the handling of consumer returns are believed to lead to additional
warehousing operations and increased complexity of picking and packaging activities,
with consequent negative environmental implications (Matthews et al, 2002).

Third, “packaging” can account for a significant portion of the GHG emissions due
to e-commerce, especially when cardboard packaging is used. The importance of
packaging is also borne out by the number of papers in this analysis that take this
theme into account (i.e. 20 percent). B2C e-commerce is therefore generally held to have
a negative environmental impact due to the individual packaging needed to ship a few
products directly to the customers (e.g. Borggren et al., 2011; Van Loon et al., 2014) and
to the additional protective packaging needed to deliver these items by express courier
(Williams and Tagami, 2003). In this regard, the impact of shopping bags used by
customers in conventional shopping is usually lower because of the limited amount of
packaging used (Van Loon ef al,, 2014). A notable exception occurs when physical products
(e.g. music CDs) are replaced by digital downloads: in this event, B2C e-commerce has a
positive impact on the environment.

Finally, implications from a “distribution network design” perspective should also
be discussed, as 11 out of 56 papers (i.e. 20 percent of the papers examined) recognize
the environmental impact of choices about the network structure. In fact, choices



related to the network structure are generally recognized to have a huge impact on the
different aspects of sustainability (e.g. Winter and Knemeyer, 2013). Specifically, B2C
e-commerce not only affects the planning and operations related to transportation, but
also the structure of the entire supply chain, as globalization fostered by the internet
makes it easier to purchase objects from very far away (Romm, 2002). Specifically, B2C
e-commerce requirements differ from those of conventional channels, for at least to two
reasons. First, the order profile — both in terms of size and frequency — is undoubtedly
more challenging compared to the conventional channel, consisting of orders made up
of a very limited number of pieces (i.e. only one in the majority of cases). Second, orders
generally have to be delivered to the customer’s house, with the additional problem of
managing missed deliveries if the customer is not at home at the time of delivery. These
differences imply new choices in terms of distribution network design. With regard to
space needs, Romm (2002) estimated that B2C and B2B e-commerce together could
reduce the need for one-and-a-half billion square feet of retail space in the USA — about
5 percent of the total — and up to one billion square feet of warehouses, with huge
impacts in terms of lighting, heating, and cooling needs. Moreover, in e-commerce, large
central warehouses seem generally to be preferred over local distribution centers, thus
leading to reduced unit energy consumption and emissions (e.g. Matthews and
Hendrickson, 2003). New delivery options related to B2C e-commerce have also been
identified and recommended, as they are believed to be more sustainable and able to
address the issue of missed deliveries. Pick-up points and parcel lockers are two such
examples. Both are normally located at junctions or crossing points and allow
consumers to collect products previously ordered online, with no need for express
couriers to perform multiple deliveries, thus reducing total travel distances (e.g.
Taniguchi and Kakimoto, 2003; Weltevreden and Rotem-Mindali, 2009).

(1) Measurement of B2C e-commerce environmental effects. The papers were also
analyzed and classified based on the type(s) of indicators used to assess the
environmental implications of e-commerce (Table III). The following indicators were
identified: “energy use,” “gas emissions,” “waste generated,” and “traffic mileage.”
Although some of the analyses focussed on B2C e-commerce only, in most of the papers
(more than 60 percent) a comparison between the online and conventional shopping
from a “green” perspective was provided (italic text in Table III).

With respect to “energy use,” Matthews et al. (2001) attempted to show the energy
impacts of delivery systems in the USA and Japanese book industries. Delivery
methods (such as traditional in-store shopping and home delivery) and distances to
local bookstores were considered in their analysis. According to the authors, even with
a return rate of 35 percent, B2C e-commerce logistics operations seemed to have lower
environmental effects, especially if private car travel was used for shopping. There
are case studies with similar purposes in the literature, which refer to different
geographical areas: Japan (Williams and Tagami, 2003), USA (Kim et al, 2009), and
Sweden (Borggren et al., 2011). The study performed by Kim et al. (2009) is particularly
Interesting since it introduced the concept of a sustainable networked delivery system.

In the articles that looked at “gas emissions,” the authors focussed on conventional
pollutants (e.g. CO, NOy, PM;o), and/or GHG emissions (CO,). The majority of the
papers analyzed addressed only transportation activities, as transportation is generally
believed to have the greatest impact on sustainability (Edwards ef al, 2010; Weber
et al., 2010). In this regard, last mile delivery has emerged as the most important of the
transportation activities, since there is generally very little difference between the two
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alternatives (i.e. online vs conventional shopping) for most of the other transportation
activities (Wiese et al, 2012). Taniguchi and Kakimoto (2003) developed a vehicle
routing and scheduling model to evaluate the effects of B2C e-commerce on urban
freight transportation and on the environment in terms of pollutants (NO, emissions).
They highlighted the advantages of pick-up points compared to direct delivery when
B2C e-commerce adoption is still low. More recently, Edwards et al. (2010) expanded
the scope of the analysis by also introducing bus transportation as a means of
reaching conventional stores, and focussing on GHG emissions. By introducing the
bus transportation opportunity, neither home delivery nor conventional shopping
proved to have an absolute CO, advantage, although in most cases B2C e-commerce
home delivery operations generate less CO,. Another assessment of CO5 emissions
related to e-commerce transportation was carried out by Durand and Gonzalez-Feliu
(2012), who used simulation to compare two picking models used by online retailers,
1.e. in-warehouse picking with home delivery vs in-store picking that combines both
home delivery and pick-up in store. They observed that in-store picking appears to
be least favorable in terms of environmental impact, mainly because the use of
commercial vehicles for home delivery has not been optimized. With regard to the
grocery industry, several authors investigated the impact of replacing private
transportation with home delivery services on gas emissions. Siikavirta et al.
(2003) estimated the GHG emission reduction related to both transportation and
warehousing, and emphasized that results in Finland are highly dependent on the
home delivery model adopted. More specifically, depending on the delivery model
used (based on the time slots the customer can choose and the type of delivery, i.e. at
home, in reception boxes, pick-up in store), the GHG emissions generated by grocery
shopping can be reduced by 18-87 percent compared to the case in which household
members go to the store themselves. Rizet et al. (2010) also focussed on the reduction
of CO, emissions related to transportation and warehousing. Specifically, they collected
data about consumer travel behavior in the UK, France, and Belgium through an online
survey in order to obtain more reliable estimates of GHG emissions. In fact, the quantity
of GHG directly emitted by the final consumer’s shopping trip is generally an important
part of the total supply chain transportation emissions. Last mile delivery also represents
an important contributor to the total environmental impact in the book industry.
Buying a paper book from an internet bookshop, having it delivered by regular mail
at home or walking to pick it up, could be the environmentally preferable way to
buy a paper book (Borggren et al., 2011). In addition to last mile delivery, there is a
strong relationship between CO, emissions and unsold items. In fact, they represent
a serious problem in conventional trading, since they can generate considerable
extra flows of products from the stores to the warehouses (with consequent
extra-transportation activities). Depending on the specific industry, the proportion
of unsold items can be over 35 percent of the items entering the stores. For instance, in the
book and DVD industry CO, emissions from conventional shopping are higher
than in the online case due in part to unsold items (Matthews et al., 2001). Finally
returns can have an appreciable impact on CO, emissions (Ghezzi et al., 2012; Wang
and Lalwani, 2007; Wiese et al., 2012). According to Ghezzi et al. (2012) they can be
up to 30 percent of overall online sales. In the case of returns, there is an impact due
to extra flows of products from customers’ homes to distribution warehouses,
which can make conventional commerce more sustainable than e-commerce (Wiese
et al., 2012).



Just a few papers address issues related to “waste generation.” Fitcher (2002)
highlighted that one of the major concerns about e-commerce business models is the
packaging materials used in logistics networks for product fulfillment and delivery.
Matthews et al. (2001) focussed on the hazardous waste generated by trucking, air
freight, packaging, fuel production, and book production. More recently, Borggren et al.
(2011) observed that distribution of books to traditional bookshops requires less
packaging than distribution via internet bookshops.

Finally, there are some interesting contributions related to “traffic mileage,” in which the
authors calculated the potential impacts of B2C e-commerce on personal and freight travel.
Cairns (2005) estimated that vehicle travel in the UK can be reduced by 70 percent or more
under the assumption of substituting car trips by van trips. When more complex shopper
behaviors are considered (e.g. preference for buying fresh products at conventional stores)
the benefits proved to be lower, but — according to empirical evidence — still existed.
Weltevreden and Rotem-Mindali (2009) focussed on the Netherlands and identified a net
mobility effect, where the reduction in personal travel due to e-shopping was not fully
compensated by the increase in freight transportation. The authors highlighted that this
mobility reduction can be attributed to B2C e-commerce only, as C2C e-commerce (ie. a type
of B2C e-commerce in which consumers directly interact with each other in order to buy, sell,
or trade items online) led to an increase in both personal travel and freight transportation.

() Green wtiatives. Lastly, the papers were analyzed to identify potential
examples of “green” practices adopted by e-commerce companies in the areas
considered. The theme of “green” initiatives has received little attention, with just a few
papers specifically devoted to that topic: only 15 percent of the papers tackled this
issue, and case studies were the main methodology used. Some papers mentioned —
mostly to a limited extent — a number of environmental sustainability initiatives
adopted in the B2C e-commerce arena, specifically addressing transportation planning
and management. In this area, the following practices have been observed:

« Use of alternative vehicles (Gonzalez-Benito and Gonzalez-Benito, 2006; Jumadi and
Zailani, 2010; Lieb and Lieb, 2008): the use of electric or hybrid vehicles for home
deliveries instead of conventional vans or trucks may contribute to a significant
reduction in CO, emissions, together with energy savings. For example, Edwards
et al. (2010) mentioned Sainsbury’s, which planned to convert its online grocery
delivery fleet to electric vans. Other relevant initiatives have been highlighted by
Zhang and Zhang (2013), who focussed on the environmental impacts of B2C
delivery in the retail book industry. They noted the widespread use of vehicles
such as electric bicycles by transportation companies in China for delivering books
from distribution points to final customers. One of the most recent examples of
using alternative vehicles to deliver goods is a pilot project launched by Amazon
based on drones. The company declared that by 2018 drones will be used in the
USA to deliver products (weighting less than 2.3 kg) within 30 minutes of being
ordered and within ten miles of the warehouse.

«  Use of more recent/less polluting vehicles (Cairns, 2005; Lin and Ho, 2008; Lieb
and Lieb, 2010), or use of alternative fuels such as biodiesel to power distribution
trucks (Cairns, 2005; Fulton and Lee, 2013). As an example, Cairns (2005)
highlights that for home deliveries the employment of new fuels, cleaner petrol or
diesel, better filtration of emissions and quieter vehicles could reduce the
negative effects of B2C e-commerce services.



Conclusions and directions for future research

Given the importance of logistics operations in B2C e-commerce supply chains and
growing interest in both the academic and practitioners’ communities about the related
environmental effects, the aim of the study was to provide an up-to-date review of the
literature on the topic of B2C e-commerce environmental sustainability from a logistics
perspective. The analysis focussed on a set of 56 selected papers published from 2001
to 2014 in 38 peerreviewed international journals. Previous reviews dealing with
e-commerce sustainability were found in the extant literature, although they presented a
number of limitations related either to the considered timeframe (ie. lack of recent
contributions) or to content/structure (e.g. lack of a thorough examination of the
environmental implications of B2C e-commerce from a logistics perspective). This review
was carried out to overcome the above-mentioned limitations, and was organized into
three main sub-sections: discussion of the main characteristics (i.e. year of publication,
journal title, regions addressed), research method(s), and content of each paper.

The papers identified were mainly published in environmental (43 percent) and
logistics and transportation journals (32 percent). The articles are relatively recent
(50 percent of the papers were published from 2007 onward) and it should be noted that,
consistently with the development of e-commerce, a significant proportion (i.e. 40 percent)
of first authors on these articles are from the USA or UK.

In terms of the methodologies used, many of the papers examined present conceptual
models and frameworks (25 percent) or are based on case studies (20 percent). A number
of the papers were based on surveys (20 percent), simulation (20 percent), and analytical
models (15 percent).

With regard to content, several interesting themes were identified. Specifically, four
main areas in B2C e-commerce logistics operations have been found to have an
environmental impact, namely transportation planning and management, warehousing,
packaging, and distribution network design. Four main types of indicators used to assess
the environmental implications of e-commerce have been identified, namely energy use,
gas emissions, waste generated, and traffic mileage.

More than 90 percent of the papers take into account the environmental impact of
gas emissions or energy use generated by transportation planning and management
activities (Table III). The other two important clusters revealed on Table III are those
that comprise the papers that consider the impact on gas emissions or energy use
determined by both packaging and warehousing (18 percent each). Papers that take
into account the impact of traffic mileage are limited to the transportation planning and
management area. Contributions that assess the impact of waste generated are very
few in number and are mainly limited to the packaging area. Finally, only a few papers
tackled the environmental impact of the distribution network design in terms of both
energy use and gas emissions.

This paper has both academic and practical/managerial implications. From an
academic viewpoint, this study contributes to knowledge in this arena by providing a
structured classification of the existing body of research on the topic of B2C e-commerce
environmental sustainability, specifically taking into account the logistics perspective.
This viewpoint is particularly valuable, given the progressive growth of B2C e-commerce,
along with related logistics activities, and growing environmental concerns (Aronsson and
Brodin, 2006).

From a practical perspective, the present paper contributes to the understanding of
B2C e-commerce sustainability from different viewpoints. It provides practitioners with
a clear view of the key issues in terms of environmental sustainability of B2C



e-commerce processes, focussing on their logistics implications and it presents a full
picture of all of the most important articles on this subject, including a classification
that can help practitioners quickly find those papers that interest them. More
specifically, the two axes considered in this review represent different sources of value
to practitioners. First, classifying the papers by the logistics area that generates the
environmental impact has helped identify which activities have the most significant
environmental implications and, consequently, suggests a list of priorities for
practitioners who want to improve their company’s performance. Taking into account
the implications related to distribution network design — seldom considered when
tackling environmental sustainability — has also suggested some ways of enhancing
one of the strategic areas that is most important for B2C e-commerce companies.
Second, the classification by KPI provides practitioners with some existing indicators
for measuring the environmental impact (e.g. in terms of gas emissions, energy use,
waste generated, and traffic mileage). In addition, better knowledge about the KPIs
may help the company develop better ways of communicating their environmental
performance to customers (both acquired and potential) that can help improve the
strategic growth of the company and implement more sustainable values with benefits
for the entire society (Hart and Milstein, 2003; Porter and Kramer, 2006).

Furthermore, this paper clearly identifies the main environmental consequences
related to the online channel as compared to the conventional one. It also highlights
some green practices that have recently been implemented by companies, giving
managers strong grounds for further investigation when making decisions about
developing green projects. This is an important strategic issue for those involved in
establishing or improving an e-commerce initiative. Finally, this literature review
highlights an important aspect that practitioners must be cognizant of: environmental
implications depend on the specific context within which a company operates (e.g. high-
population density, usage of low-carbon-emission vehicles) and, in consequence,
universal models do not exist. Practitioners should use this literature review as a guide
to identify those cases that best fit their situation, but it is important that the models
and assumptions then be tailored to reflect their specific needs. Our review, in which
the first author of 40 percent of the papers is either English or American, provides
practitioners with references from countries in which B2C e-commerce is the most
widespread, including practical examples from 11 papers that present case studies.

Although a good picture of the extant literature has been formed, the literature
review revealed that a number of key issues have still not been adequately addressed or
have not been considered at all. This represents a limitation not only for academics, but
more importantly for practitioners who are in need of clarity and a comprehensive
coverage of all aspects of the subject matter.

First, the extant literature refers primarily to industries such as books and grocery,
while sectors such as clothing (e.g. Wiese et al,, 2012) and consumer electronics (e.g. Gay
et al., 2005) have thus far been examined only in part or not at all. In the authors’ opinion,
this is a significant gap for two main reasons. Clothing and consumer electronics have
experienced the greatest growth in sales over the last five years, as shown by reports by
multinational research companies (e.g. Evans and Camus, 2010), and have become the
most important industries in the B2C e-commerce scenario. They are also two of the most
complex industries from both the logistics and environmental perspectives (e.g.
proportion of returns, special requirements for products in the warehouse).

Second, despite increasing attention by both traditional retailers and online merchants
to multichannel strategies (i.e. the integrated use of both the online and the offline



channels), the environmental implications and impacts of multichannel shopping
experiences have not yet been investigated in depth.

Third, although the main impacts have been examined in terms of energy use and
gas emissions, there continues to be a general lack of quantitative models for
measuring the environmental impact of B2C e-commerce and dividing it among the
supply chain players. In fact, the majority of the papers analyzed simply provide a
qualitative assessment of the impact, which is very often simply a comparison between
the two different ways (e.g. online vs offline) of conducting the same activities.

Fourth, tactical and/or strategic areas, such as transportation planning and distribution
network design, have not been adequately addressed in the extant literature. The authors
strongly believe that the environmental impact of these activities could be as much as an
order of magnitude higher than that of the other areas, but the relationship between
causes (Le. activities) and effects (i.e. environmental impact) is in this case hard to identify
and model.

Lastly, this study has one potential limitation that should be noted. Although efforts
were made to be all-inclusive, as Perego et al (2011) recognized in their review of ICT
for logistics and transportation, some studies could have inadvertently been omitted
from this review. Nonetheless, the authors are confident that the present review offers
an accurate representation of the body of research on B2C e-commerce environmental
sustainability from a logistics perspective published during the specified timeframe,
and therefore the resulting assessments are considered to be reliable.
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